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readily react with the magnesium during the melting process or can precipitate from the matrix during the 
cooling process in the form of an intermetallic Mg2Si phase. Furthermore, the intermetallic compound Mg2Si 
exhibits excellent properties such as low density, high melting temperature, high hardness, superior Youngs’ 
modulus and low thermal expansion coefficient [5-7]. However the main drawback of the system developed 
under normal casting route is the coarse dendritic morphology of primary Mg2Si and Mg-Mg2Si eutectic; hence 
needs modification [8]. Refinement of microstructure is responsible for the improvement of the mechanical 
properties [4]. Recently, various efforts such as rapid solidification, mechanical alloying and hot extrusion have 
been employed to produce the materials with very fine matrix structure with in situ synthesized Mg2Si 
particles.  
Compared with these techniques, modifying treatment during common gravity casting is a more practical 
method, because it is commercially available at low production cost and can be accepted by the engineering 
community for general applications. Recent studies have shown that compounds such as KBF4, K2TiF6 and 
Y2O3 and element such as Yttrium, Bismuth, Lanthanum, etc. have remarkable improvement in microstructure 
of the hypereutectic Mg-Si alloys. Rare earth elements are surface reactive, hence highly capable of modifying 
the microstructure [9, 10]. Nd addition into hypoeutectic and hypereutectic Mg-Si alloys is a novel attempt. 
In the present work, the modification effect of neodymium on Mg2Si in Mg-Si alloys has been investigated. 
The aim of the study is to develop a new modifier for the modification of the Mg2Si in Mg-Si alloys  
2. Experimental 
Industrially pure magnesium ingot and silicon crystals were used as starting materials to prepare different 
base alloy of hypo (Mg-1.15Si) and hypereutectic (Mg-6Si) compositions. About 8kg of Mg and Si charged 
together in sandwiched manner was melted at about 750°C to 850°C in a low carbon steel crucible using 
resistance furnace under a protective flux atmosphere. The melt was poured into steel molds which were 
preheated at 350°C. About 1 kg of prepared Mg-Si base alloys were remelted and varying proportions of Nd 
(0.3, 0.6, 0.9 and 1.2 wt%) was added into the melt. Then the melt was poured into the steel mould and casting 
was produced.   
The metallographic samples machined out from the as cast base alloys and Nd added alloys as per ASTM 
standards, were etched using picric acid based etchant and viewed under Leitz-Metalloplan optical microscope 
to study the microstructure. Mechanical testing samples were cut from the ingots to make dog-bone specimen 
as per ASTM standards for tensile test. Tensile strength was tested on an INSTRON 8810 Universal Testing 
Machine. 
3. Results and Discussions 
3.1. Microstructure 
3.1.1. Nd addition into Mg-1.15Si alloy 
Fig. 1 shows the optical microstructures of hypoeutectic Mg-1.15Si alloy with various (0, 0.3, 0.6, 0.9 
and1.2 wt%) Nd additions. The microstructure hypoeutectic Mg-Si base alloy (Fig. 1a) mainly consists of 
coarse primary dendritic Mg-halos and eutectic Mg+Mg2Si phase with laminated structure. During 
solidification, when the temperature reaches 650°C, Į - Mg starts to solidify first in the form of flower shaped 
dendrites. Later when eutectic temperature is reached at 637°C, eutectic Mg2Si starts to form. 
When 0.3 % Nd is added to the Mg-Si alloy, the coarse primary Mg dendrite is split and refined which is 
evidenced in Fig 1b. When the Nd content is increased to 0.6%, the size of primary Mg is further reduced (Fig 
1c). Moreover at 0.9 % Nd addition shows further refinement to 25ȝm or less and also it has shown small dot 
type Mg-Nd compound in the microstructure (Fig 1d). Further increase in Nd addition increases the volume of 
Mg-Nd compound, which reduces the effect of modification. From above results, it can be deduced that the 
addition of small amount of Nd element can refine the microstructure.  However, excess Nd, (more than 0.9 
wt.%) is not giving any effect in refinement. 
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Fig. 1. Optical microstructures of hypoeutectic Mg-1.15Si alloy a) 0 wt.% b) 0.3 wt.% c) 0.6 wt.% d) 0.9 wt.% and e) 1.2 wt.%  Nd 
addition. 
Generally, laminated reinforcement always deteriorates the mechanical properties due to the breaking 
function of the laminated structure. During the solidification process, Mg2Si phase precipitates from 
magnesium melt at 637°C by a eutectic reaction: LĺMg+Mg2Si. The microstructure of eutectic (Mg-Mg2Si) 
phase will depend on the crystal growth characterization of Mg2Si and the volume fraction of Mg2Si. Normally, 
metal–metallic alloy system solidifies in a nonfacet-nonfacet model, which leads to a laminated eutectic 
structure or rod-like eutectic structure depending on the relative content of eutectic phases [11]. Roughly, there 
are two refinement mechanisms have been suggested for the same modification [11, 12]. One is heterogeneous 
nucleation and another is constitutional undercooling.  
3.1.2. Nd addition into Mg-6Si alloy 
The microstructure of hypereutectic Mg-6Si alloy with and without Nd addition is shown in Fig 2 (a-e). The 
microstructure of hypereutectic base alloy reveals the presence of primary Mg2Si, Mg halos and eutectic Mg-
Mg2Si (Fig 2a). The Mg-halos are present surrounding the primary Mg2Si and it is surrounded by Chinese 
script eutectic phase which is brittle in nature [11]. When the Nd content is 0.3%, the size of primary and 
eutectic Mg2Si do not significantly reduce in the alloys Fig. 2b. When the Nd content is 0.6 %, the mean size of 
primary Mg2Si decreased from 200 ȝm to 30ȝm. Furthermore, the Chinese script Mg2Si phase morphology is 
modified to a fine fiber shape (Fig. 2c). When the Nd content is further increased to 0.9 and 1.2 wt.%, the 
primary Mg2Si becomes coarser again, however, the eutectic Mg2Si still retains the modified morphology as a 
fine fiber shape (Figs. 2d and e) Generally, with a small amount of Nd addition, it is unlikely to form Nd-
containing compound in Mg-Si melts at the early stages of solidification since the Nd has a relatively high 
solubility in Mg. As a result, it rules out the possibility of the Nd-containing compounds acting as 
heterogeneous nucleation sites for the primary Mg2Si crystals. However, the growth of the Mg2Si crystals is 
significantly influenced by the Nd-containing liquid phase, since the faceted growth is very sensitive to the 
solidification conditions. During the solidification, in addition to the segregation of Nd atoms at the liquid-solid 
interface, some of Nd atoms adsorbed in the crystal plane will change the surface energy of the Mg2Si crystals 
by lattice distortion due to the existence of Nd in the Mg2Si lattice, since the size of Nd atom is larger than 
those of Mg and Si atoms. This may effectively poison the growth steps and promote the formation of twin 
plane or multiple twin planes, and further accelerate the growth of splitting and branching in the crystal plane. 
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Similar kind of results and mechanisms are found by Jiang et al [13] in Mg-5Si alloy for Mg2Si modification by 
Y addition. 
 
     
 
   
Fig. 2. Optical microstructures of hypereutectic Mg-6Si alloy with a) 0 wt.% b) 0.3 wt.% c) 0.6 wt.% d) 0.9 wt.% and e) 1.2 wt.%  Nd 
addition. 
3.2. Mechanical properties 
Figure 3 presents  the mechanical properties  of Mg-Si  alloy with different Nd additions. The room 
temperature Brinell hardness values for the cast base alloy and Nd added Mg-Si alloys are shown in Fig.3. 
These obtained hardness values are an average of 10 measurements.  It is observed from the figure that with 
increasing Nd content,  the hardness are increased from 36 to 44 HB for hypoeutectic and 51 to 58.5 for 
hypereutectic alloys.  
 
    
Fig. 3. Variation mechanical properties of Mg-Si alloy with different Nd additions a) hardness b) UTS of hypoeutectic Mg-1.15Si alloys 
and c) UTS of hypereutectic Mg-6Si alloy.  
The ultimate tensile strength (UTS) values of both the hypo and hypereutectic unmodified and Nd modified 
Mg-Si alloys at room temperature are shown in Fig. 3 (b and c). According to this figure, the UTS values 
increased 22% in (0.9Nd) modified alloys compared with the unmodified ones. It is evident that Nd 
modification raised the tensile strength of the Mg-Si alloys and hence, results confirmed the expectations based 
on the metallographic results. It is possible that finer polygonal primary Mg2Si particles caused the increase in 
the UTS values in modified Mg-Si alloys. Dendritic structure of primary Mg2Si in unmodified alloys 
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encouraged the nucleation of cracks leading to the decrease in strength values. In other words, coarse Mg2Si 
particles imposed an undesirable effect on mechanical properties.  
 
     
Fig. 4. SEM Fractographs of a) Mg-1.15Si-0.9Nd alloy b) Mg-6Si-0.6Nd alloy. 
Figure 4 exhibits a typical fracture surface of best modified hypo and hypereutectic Mg-Si alloys. 
Hypereutectic Mg-6Si-0.6Nd shows large facets, indicating brittle failure. The fracture planes of coarse Mg2Si 
particles exhibit clear cleavage created by a rapid fracture deriving from their intrinsic brittleness. In the 
presence of such particles, two major phenomena are well known: particles decohesion and particle fracture. 
Basically, when stress is applied, the matrix plastically deforms, gradually transferring stress to the particles. 
The behavior of the particle depends on the relative strength of the interface and the matrix. When the interface 
is strong enough, the load is transferred to Mg2Si primary particles and fracture occurs as soon as the threshold 
stress is reached. However, if the matrix is soft enough with a low work hardening rate and a weak interface, 
decohesion prevails. Regardless of the particles volume fractions, interface fracture becomes strength-
controlled, and that decohesion occurs when the average tensile stress in the particles surpasses a critical value 
known as the interface strength. Both particles decohesion and particle cracking are observed in the fracture 
faces, and the fracture surfaces of different samples also show that the Nd-modified specimens have fewer 
decohered particles, in agreement with the higher ductility obtained [14]. 
4. Conclusions 
• Nd addition has considerable influence on microstructure of Mg-Si alloys cast by ingot metallurgy 
route. The maximum refinement is obtained with 0.9%Nd addition in hypoeutectic alloy and 0.6%Nd 
addition in hypereutectic Mg-Si alloy. 
• Hardness values of all the Nd modified alloys are higher compared with the unmodified alloys. 
• Ultimate tensile strength (UTS) values are increased by 22% for 0.9%Nd added hypoeutectic alloy and 
for hypereutectic 13.6 % increment was obtained for 0.6%Nd addition in comparison with base alloys 
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